Twenty species of herbaceous plants and four non-amentiferous shrubs were found in flower in March-April in Nova Scotia during the spring of 2012. Plants were observed primarily in Kings and Antigonish Counties, with several observations from Inverness County. The precocious flowering is attributed to an abnormally warm late winter and spring (FebruaryMarch) in which climate normals for monthly average temperature were exceeded by a minimum of 1.2°C in February (Tracadie) to a maximum of 8.5°C in March (Kentville). Flowering was an average of 17 days earlier than herbarium records in the largest regional herbaria (ACAD, NSAC). Proportional contribution to the early flowering guild was greater for exotic species which featured weedy families not represented in the native group. These observations of spring climate conditions and flowering phenology are consistent with regional climate change associated with milder and earlier springs.
INTRODUCTION
Global climate change over the course of the 20 th century is well established. It is generally recognized that mean air temperature has increased 0.5-0.6°C and that biological systems have responded accordingly (e.g., Houghton et al. 2001 , McCarty 2001 , Menzel et al. 2005 , Walther et al. 2005 , Core Writing Team IPCC 2007 . Biological responses to global climate change have often been associated with changes in migration timing, distribution of organisms with regard to elevation, changes in animal breeding times, and various aspects of plant phenology: timing of leaf bud burst, onset of leaf colour change and flowering phenology. Menzel (2003) argued that aspects of plant phenology provided an excellent proxy for temperature, and there is an extensive literature on advancement of flowering times in relation to climate change (e.g., Abu-Asab et al. 2001 , Fitter and Fitter 2002 , Gu et al. 2008 , Houle 2007 , Miller-Rushing & Primack 2008 , Panchen et al. 2012 .
Herbarium records of flowering phenology in Nova Scotia during the 20 th century are concentrated between May and October, with a few stragglers in either spring or fall (Roland 1998) . In Nova Scotia, responses of plants to changing temperature regimes have emphasized late fall flowering in which extensive flowering after November 1 has been documented. Thus, in the years following 2000 there have been two years when over 90 and 130 species flowered after November 1, and flowering continued into December and January in 2001 and 2006 , respectively (Garbary and Taylor 2007 , Garbary et al. 2012 , Taylor and Garbary 2003 . The highlight of these accounts was the occurrence of 20 species flowering in January, with the last day being January 21. The demonstration of advancement of spring flowering in Nova Scotia has been more problematic. Despite a well-documented increase in spring temperatures over the 20 th century, Vasseur et al. (2001) were able to demonstrate limited advance in flowering that was associated with only a single cultivated shrub, Syringa vulgaris.
In this paper we demonstrate that temperatures for the late winter and spring of 2012 in Nova Scotia were considerably elevated relative to climate normals (Kings Co.) or for the previous nine years (Antigonish Co.). We then provide observations of flowering of 24 species during March and April, and compare the resulting phenology with the earliest flowering records in regional herbaria.
Given the record setting temperatures in mid March, we ask whether or not plants responded by coming into flower earlier than normal. We evaluate the resulting phenology in the context of potential impact of regional climate change.
METHODS
The burst of abnormal temperatures in mid-March prompted us to examine the potential response of flowering in two areas of the province: Kings County in the Annapolis Valley (NH) and Antigonish County in northern Nova Scotia (DG). Habitats included agricultural fields and orchards, disturbed ground and building lots and natural forest communities. We avoided heat islands associated with urban developments such as garden plots immediately adjacent to buildings or at the base of walls. Records of flowering were compared with accounts in Roland (1998) , records from herbaria at Acadia University (ACAD), Nova Scotia Agricultural College (NSAC) and St. Francis Xavier University Herbarium (STFX). An online database associated with the E.C.Smith herbarium (i.e, ACAD, http://herbarium.acadiau. ca) also includes records from Cape Breton University Herbarium. We avoided the catkin producing genera (i.e. Alnus, Populus and Salix) as they may be regarded as winter flowering, and many began flowering before our observations commenced. We also did not include trees (e.g., Acer spp.).
Climate data for Nova Scotia were obtained from the internet (http://www.climate.weatheroffice.gc.ca/Welcome_e.html). Kentville 
RESULTS

Climate
As shown by the climate normals, February through April are not particularly conducive to plant growth and flowering in Nova Scotia (Table 1) . There is typically extensive snowfall, and considerable snowpack remaining at the end of each month. While the data for Antigonish Co. are not available, the lower temperatures would suggest even greater snowpack than for the Annapolis Valley. The mild winter of 2012 was characterized by an 88% reduction in snowpack at the end of February and 100% reduction in March and April.
The relative absence of snow was reflected in the differences in temperature regimes between climate normals and 2012 (Table 1 , Fig. 1 ). In both of the primary areas, climate normals showed daily averages below zero for February and March, and below 5°C for April (Table 1 ). The daily average temperature was 1.7°C and 1.2°C warmer for February relative to climate normals in the two areas, and these differences became more extreme in March and April. For Kentville, daily average temperatures were 8.5°C and 7.7°C warmer than normal for March and April, and the equivalent values for Tracadie were 7.3°C (Fig 1) , and the values for 2012 are extreme relative to previous years, with a 2.2 to 6.7 fold increase relative to means of the previous nine years, and a 30% to over 200% increase relative to previous maximum values.
Plant Phenology
Observations made of first flowering times for 24 plant species were compared with the first flowering records found among the collections in the E.C. Smith (ACAD) and Roland (NSAC) Herbaria (Table 2) . On the one hand, since all of these records were based on opportunistic sampling across a wide geographic area (northern Cape Breton to the Annapolis Valley), we do not claim that the dates represent first flowering of the species. However, our observations are likely very close to first flowering in the following species: 1) Draba verna and Daphne mezerium from Antigonish where the sites were visited every few days until anthesis; 2) Senecio vulgaris from Antigonish where a single individual had only a few blossoms; and 3) Tussilago farfara where only a single site had a few flowers, when other populations were still in bud. On the other hand, many individuals of Caltha palustris were in flower in roadside wetlands around Cheticamp, suggesting that it had been in blossom for at least several days. In all but four species, first flowering was earlier in 2012 than for the herbarium specimens, a record spanning more than a century. Overall, flowering was 17.5 ± 17.4 days earlier than the earliest records in the herbaria. One of the species for which we did not claim an earlier record was for Taraxacum officinale for which the record comes from Sable Island with the habitat "west side of meteorological station" (ACAD #31833). We did not include observations of this species from equivalent heat islands in Antigonish where plants were in flower by April 1.
Five species were observed in both the Annapolis Valley and Antigonish Co. during March and April. In every case the Annapolis Valley observations were earlier, and the difference ranged from 2-20 days (mean of 10 d). At least four additional conspicuous species had not come into flower in Antigonish Co. that would have been documented if they had flowered.
DISCUSSION
Atypical temperatures for one spring are not indicators of climate change, though they may be useful for indicating how communities may shift with the elevated temperatures of climate change. Spring of 2012 was exceptionally warm over much of North America, and March and April in Nova Scotia broke records. Temperatures in excess of 25°C were recorded for several days in March and this atypical warmth followed a particularly mild winter with relatively little snowfall (Table 1) . Subsequent spring weather in April was also above normal, although to a lesser extent than March. How different members in a plant community respond to such a pulse of increased temperature may well reflect the inherent plasticity of different species. This in turn may be an indicator of performance over the next century when temperatures in temperate regions are projected to increase by a further 2°C.
Our scope was narrow: we set out to record the first species to flower in 2012 and to compare these flowering dates to historical data of flowering in local herbaria. It has been documented that flowering is occurring at earlier times of year in recent years than in the past, and Miller-Rushing and Primack (2008) have used historical data at Walden Pond, MA, to demonstrate this. Flowering onset in the temperate region is determined mainly by temperature (Miller-Rushing and Primack 2008); soil moisture levels and precipitation do not appear to be limiting factors in most years. Panchen et al. (2012) used a combination of herbarium records, photographs and naturalists' notes to document earlier flowering over the last century around Philadelphia. While we only formally consulted herbarium records, our informal observations over the last 20 years are congruent with the unusual phenology observed in 2012. Another botanical indicator of an early spring in Antigonish Co. included a harvest of Matteucia struthiopteris (L.) Todaro on April 29; this predates the earliest previous harvest from the last 25 years of May 10 (Dolna Garbary, personal communication). Several additional species of spring wildflowers showed expanded bud development at the end of April (Panax trifolius L., Erythronium americanum Ker-Gawler, Clintonia boreale (Aiton) Raf., Maianthemum canadense Desf.); however, we were unable to return to the site to observe anthesis of these species.
Recent weather extremes in late fall and early winter were associated with late fall flowering in 2000 when flowering terminated in mid December (Taylor and Garbary 2003 -2006 when flowering extended until 21 January (Garbary et al. 2012, Garbary and Taylor 2007) . While there is realistically a two-month gap between the dates of extreme late flowering in 2006 and the extreme early flowering in 2012, these records suggest that with a repeat of the late fall-early winter conditions of [2005] [2006] , accompanied by an early spring (i.e., as in 2012), we would anticipate flowering in 11 months of the year. Vasseur et al. (2001) examined long-term records of spring phenology in selected plants in Nova Scotia using historical records between 1892 and 1923 and more recent observations from 1998 based on Nova Scotia Plantwatch. Only one species, Syringa vulgaris, showed significant flowering at an earlier date. Vasseur et al. (2001) used their analysis to point out the earlier flowering in the southern and western parts of Nova Scotia relative to the northern and eastern portions where there is a harsher climate zone (zone 5 versus 6). This change in climate zones is consistent with our observations on nine species. Regardless of the fact that the warm March weather was apparent in most of the province, flowering in Antigonish was about 10 days later.
Native and exotic taxa were equally represented among the 24 early flowering species. Since exotic species are a minority of the total flora, a weighted analysis was required. Exotics account for more than a third of the flora in Nova Scotia (Hill and Blaney 2010) but even this overestimates their real frequency, since many of these exotics are transitory and fail to become established in the regional flora. When a Chi-square analysis is performed using only the common native and exotic species, (i.e., subtracting the rare and transient species from both groups), exotic species are significantly (p<0.05) overrepresented in the early spring flowering guild. In addition to a greater proportional representation of exotics among the early flowering plants, their seasonal shift in flowering time, from the earliest records in herbaria, was significantly earlier than that of native plants (see Table 2 ). The average shift in flowering time was two weeks earlier for the group of exotic plants than the natives (2012 flowering time shifts= 24.5 ± 16.7 versus 10.6 ±15.7 days for exotics and natives respectively). Many of the exotic species are ruderals, plants adapted to frequently disturbed habitats through fast growth rate and early and often lethal reproduction (Grime 1979) . The evolution of this set of ruderal traits is pronounced in several highly successful families which are also those best represented among the world's worst weeds (Huston 1994) . Early flowering exotic representatives in Nova Scotia were with one exception all short-lived herbs representing three of the top weedy families (3 species of Asteraceae, 2 Brassicaceae, and 1 Lamiaceae) that contribute 10 or more species to the World's Worst Weeds (Holm et al. 1979 , cited in Huston 1994 . Although herbs were best represented among the early flowering native plants, this group shared only one family with the exotics (Violaceae) and it represented only one of the common weedy families (viz. the Rosaceae, 2 represented in native groups). Based on the above differences in their relative contribution to the early flowering records, their 2012 flowering shift, and their phylogenetic origins, these exotics are clearly the group poised to expand, given a fundamental change in spring climate.
Our observations provide the earliest flowering records of over 20 species based on herbarium records, and these records average 17 days earlier than the earliest of these specimens. While it is tempting to conclude that we have shown an advancement of 17 days in average flowering, such a conclusion is moderated by the fact that our records are based on haphazard observations in 2012 rather than systematic observations over many years. Furthermore, it is unlikely that previous herbarium specimens were collected to demonstrate earliest flowering times. Regardless, our observations provide a baseline in two areas of Nova Scotia for first flowering times for some conspicuous wildflowers. The congruence of record spring temperatures (Table 1, Fig. 1 ) along with the flowering phenology (Table 2) suggests that flowering was indeed advanced for these species.
